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Abstract
BACKGROUND: Pithy pear fruit are not distinguished externally from sound fruit and thus often cause unexpected economic losses. To find out the cause of pithiness, the pithiness incidence and characteristics of Japanese pear (Pyrus pyrifolia cv. Niitaka) fruit picked from a spot frequently produced pithy fruit in an orchard were compared with those of fruit picked from another spot produced sound fruit every year. And the soil chemical properties of the two spots and mineral contents in fruit, shoots, and leaves of Japanese pear trees cultivated in the two spots were also examined. METHODS AND RESULTS: The pithiness incidence was 0, 8.8, and 11.3% at 7 days before and 0 and 7 days after optimal harvest date, respectively, in the spot frequently produced pithy fruit. Flesh firmness was significantly lower in pithy fruit than in sound fruit, while soluble solids content was slightly higher in pithy fruit than in sound fruit. Unlike other mineral contents, Ca content was significantly lower in pithy fruit than in sound fruit. These results indicate that Ca deficiency in fruit is closely associated with decrease in flesh firmness and thus pithiness development. Ca content in soil of the spot frequently produced pithy fruit was also significantly lower than that in soil of the spot produced sound fruit. However, shoots or leaves did not exhibit significant difference in Ca and/or other mineral contents between the two spots, indicating that Ca deficiency in fruit is dependent on the translocation of Ca within a plant rather than soil Ca status. Although total-N, available P 2 O 5 , K, and Ca contents were significantly lower in soil of the spot frequently produced pithy fruit than in soil of the spot produced sound fruit, Mg and Na contents and pH were not different between the soil conditions.
CONCLUSION(S): Fruit maturity and Ca level in fruit are

Introduction
Pithiness in Japanese pear fruit is a serious physiological disorder that deteriorates flesh texture (Chijiwa et al., 2002) . The pithy pear fruit are not distinguished externally from sound fruit and thus unexpected economic losses often occur.
Since the cell membrane permeability of the pithy fruit flesh is higher than that of healthy flesh, pithiness may be associated with an aging process. As pithiness intensifies, affected flesh tissues form cavities, decreasing the specific gravity and the flesh firmness of fruit during their ripening (Chijiwa et al., (Knee, 1982; Stow, 1993) . In the present study, the soil chemical properties of one spot frequently produced pithy fruit in a Japanese pear (Pyrus pyrifolia cv. Niitaka) orchard were compared with those of another spot produced sound fruit every year. The mineral contents in shoots, leaves, and fruit picked from Japanese pear trees cultivated in the two spots were also analyzed to estimate the cause of pithiness with respect to plant nutrition.
Materials and Methods
Two spots of an orchard in Ichon, Korea were selected to investigate pithiness incidence and characteristics in fruit of 12-year-old Japanese pear (P. pyrifolia cv. Niitaka). One spot had frequently produced pithy fruit, while the other had steadily produced sound fruit for many years. Yearly averages of air temperature and precipitation of Ichon for past 30 years were 11.6 o C and 1,370 mm, respectively. In 2006, averages of air temperature and precipitation were 11.2 o C and 1,453 mm, respectively. Chemical properties of soil sampled from the two spots in late July were analyzed with respect to pH, organic matter, and mineral contents including total-N, available P2O5, K, Ca, Mg, and Na. The analysis was replicated three times for each spot. Each soil sample was collected from 20 to 30 cm below the soil surfaces of three points at a distance of 1.5 m from a tree. Soil pH of a mixture of soil and water (1:5, w/v) was determined using a pH meter (D-24, Horiba, Kyoto, Japan). Organic matter, total-N, and available P2O5 in soil were analyzed according to the methods of Tyurin, micro-Kjeldahl, and Lancaster, respectively (RDA, 1988) . The contents of exchangeable cations including K, Ca, Mg, and Na were determined by analyzing eluted solution from soil using an inductively coupled plasma emission spectrometer (ICPS-1000IV, Shimadzu Corp., Kyoto, Japan). Four shoots, 50 leaves, and 5 fruit per tree were also randomly collected from the two spots to examine their mineral contents including total-N, P, K, Ca, and Mg. The analysis of mineral contents in shoots, leaves, and fruit were replicated three times. The shoots and leaves were sampled in late July and the fruit in mid-October. Total-N was analyzed using a Kjeltec auto 1035 analyzer system (Foss Tecator AB, Hoganas, Sweden). The vanadate method was used for P analysis (RDA, 1988) . K, Ca, and Mg contents were determined using an atomic absorption spectrophotometer (AA680, Shimadzu, Kyoto, Japan).
At optimal harvest date, October 15, 2006, and 7 days before and after the optimal harvest date, pithiness incidence in fruit picked from the spot frequently produced pithy fruit was examined to find out the correlation with fruit maturity. The optimal harvest date in Ichon, Korea was determined based on the days after full bloom and flesh firmness
